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Abstract
Dinoflagellate cyst assemblages from a core collected offshore of Tsukinokawa Har-
bour in Matsu'ura City, northwestern Kyushu are described and compared to other assem-
blages from around Kyushu Island. Along with the cysts, many microforaminiferal lin-
ings were found and are here discussed using an informal classification system originally
developed for fossil linings. The assemblages contain a new microforaminiferal lining
morphotype: Trochospiral type III which is described and illustrated. The diversity of the
lining assemblages generally match those of the dinoflagellate cysts, with a higher diversity
in the younger samples.
The Gonyaulacoid and Tuberculodinioid dinoflagellate cysts were found to fluoresce
well under ultra violet light illumination but the linings either poorly fluoresced a faint
blue-grey colour or not at all.
Introduction
During the summer of1989a core was taken offshore of the harbour at
Tsukinokawa in Matsu'ura City, northwestern Kyushu (Figure 1) for analysis
of the sediment prior to development of a new wharf. Some of these samples
were made available for the present palynological study. The analysis was
initiated to record both the dinoflagellate cysts and microforaminiferal linings
present. The latter are described using an informal classification system of
microforaminiferal linings initially erected for fossil specimens ( Stancliffe
1989).
Previously Holocene dinoflagellate cyst assemblages have been recorded
from both Nagasaki Bay and Omura Bay, Kyushu Island (Matsuoka 1985;
KObayashi et al. 1986). Also, the general geographical distributions of cysts
around the Japanese islands of this region have been outlined by Matsuoka
(1985; In press) but this is the first study to deal with Holocene dinoflagellate
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Fig. 1 Location of the sample site off the coast of Tsukinokawa harbour in Matsu ura
City, northwestern Kyushu. Inset map shows the site location on the southern
Japanese Islands.
cysts from the northwestern coast of the island.
Microforaminiferal linings are a group of marine palynomorphs which
have received scant attention in the literature. Only four papers mentioned
Holbcene linings from the west coast of the Pacific. Van Veen (1957) pub-
lished a short note on the microforaminifera! linings found in Brunei Bay and
the South China Sea. His four detailed illustrations appear to show, using
Stancliffe's (1989) classification, a Trochospiral type II , Coiled Uniserial, Bise-
rial and Planispiral type HI morphotypes. In 1966, Boulouard and Delauze
described the assemblage of marine palynomorphs from surface sediments
collected during submersible dives in the Japan Trench. In plate 1, fig. 21 and
plate 2, fig. 26 they illustrated coiled foraminiferal linings along with other
palynomorphs and commented that they were recovered from 4500 and 9200
meters below sea level respectively. In a further paper Matsuoka (1989a)
recorded additional linings from the Japan Trench collected using a sediment
trap. The fourth report of Japanese linings was also made by Matsuoka
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(1989b, fig. 7) and showed a coiled form fluorescing well under ultraviolet (U`
V.) illumination. None of these studies attempted to classify or describe the
linings. Other reported Holocene occurrences of microforaminiferal linings
are listed in Figure 2 but note must be taken that this is not the global distri-



















Fig. 2. Location map of studies which discuss or illustrate Holocene microforaminiferal
linings. 1: Boulouard and Delauze l966, 2: Bradford 1977, 3: Cohen and Grubber
1968, 4: Cross et al.1966, 5: De Jekhowsky 1963, 6: Matsuoka 1989a, 7: Matsuoka
1989b, 8: McKee et al. 1959, 9: Melia 1984, 10: Muller 1959, ll: Stancliffe and
Matsuoka (this paper), 12: Traverse and Ginsburg 1966, 13: Van Veen 1957.
Methods and Materials
Ten samples were collected using a core from outside Tsukinokawa har-
bour in Matsu'ura City, northwestern Kyushu. The unconsolidated mud was
deposited on a Paleocene sandstone which is bound by a local unconformity
(Figure 3). The sediment samples were treated with 5% cold hydrochloric
acid and the upper five samples of the cores showed a marked reaction while
the lower five did not react. After neutralization, hydrofluoric acid was add
and no reaction was observed. Subsequently, the samples had a 1% solution
of potassium hydroxide added with gentle reactions occurring in samples 3. 4,
3.6, 3. 7and3.8which all turned a brown colour. The samples were then-
passed through 125〝m and 20〝m sieves. Each sample was used to make ten
slides, with bioplastic as the mounting medium. No concentrated oxidants
were used in the preparation as these chemicals damage or destroy fine
organic material and surface structure.
The slides were scanned using a Nikkon optiphot microscope with normal
light optics and the co-ordinates of the palynomorphs found were recorded
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20,7 meters below sea level
Fig. 3 Log of the core sampled.
with an England Finder slide. Detailed examination of the palynomorphs
was undertaken using an Olympus BH2 microscope with phase contrast optics
and auto fluorescence capabilities. The slides are stored at the Department
of Geology, Faculty of Liberal Arts, Nagasaki University.
Observation
Dinoflagellate cysts
Dinoflagellate cysts were found in all the samples examined (Table 1) and
are well preserved. The species assemblages are similar to those previously
described from marine sediments around western Kyushu (Kobayashi et al.
1986; Matsuoka 1985) with no new species being recorded. However, the
Gymnodinioid group of cysts is poorly represented in comparison to these
other studies. The upper five samples have large numbers of cysts of many
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TABLE 1 Listing of dinoflagellate cysts and microforaminiferal linings found in the
Holocene sediments off the coast of Tsukinokawa harbour in Matsu'ura City,
northwestern Kyushu.
S a m p 1 e 1 .2 5 1 .4 0 1 .5 0 1 .5 5 1 .7 0 3 .4 0 3 .5 0 3 .6 0 3 .7 0 3 .8 0
G o n y a u la c o id g r o u p
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different species while the lower five samples have both reduced numbers and
diversity. The most common species are Operculodmium centrocarpum
(Deflandre and Cookson), Spiniferites bulloideus (Deflandre and Cookson)
and Brigantedinium spp. Of these 0. centrocarpum had the highest abun-
dance in a single sample with 59 specimens found in sample 1. 7.
To aid the location of cysts amongst the ubiquitous plant debris U.V.
illumination was used. This highlighted the presence of Gonyaulacoid cysts
which autofluoresced a light green yellow colour and Tuberculodinioid cysts
which autofluoresced a light lemon yellow colour. The Peridmioid and Gym-
nodinioid cysts did not fluoresce under U.V. illumination.
Microforaminiferal linings
Though less abundant than the dinoflagellate cysts, microforaminiferal
linings are an important part of marine palynomorph assemblages. The
morphologies of the linings are less well understood than those of dinoflagel-
late cysts and have to be discussed in more detail. As the samples have had
calcium carbonate removed, no mention is made of the test morphology which
originally enclosed the lining. The informal classification system of micro-
foraminiferal linings and terminology used in the present paper was first
outlined by Stancliffe (1989). Where there are morphological differences from
the fossil forms, this is noted in a remarks section. The lining occurrences
are listed in Table 1 and the dimensions of the Uniserial, Biserial and Coiled
forms are presented on Table 2 with the size ranges given in micrometers.
Isolated Chamber. Plate 2, figure 3; Figure 4D, E.
Dimensions. Total length 16-80 〝m, total breadth 9-54 〝m, neck length 2-
9〝m, neck breadth 2-14〝m; number of specimens measured 3.
Remarks. An uncommon lining type which generally is without wall sculp-
ture. However the specimen illustrated in Text-figure 4E has low granules
scattered over the chamber and a pronounced wall thickening on one side
making the chamber asymmetrical. The overall shape is reminiscent of a
single large chamber from a coiled lining which has been separated from its
host whorl but this could only be inferred. Also of note is the thickening of
the neck walls in comparison to the rest of the chamber.
Uniserial type I. Plate 3, figure 2; Figure 4C.
Dimensions. See Table 2.
Remarks. One of the three examples located is much larger than the others
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Fig. 4. Diagrammatic illustrations of some microforaminiferal linings recorded in this
study. Magnification x 550. A: Planispiral type II, slide 1. 7/4, England Finder
co-ordinates P31/0. B: Trochospiral type I, slide 1. 25/9, England Finder co-ordi-
nate K40/3. C: Uniserial type I, slide 1. 7/8, England Finder co-ordinate N37/4.
D: Isolated chamber, slide 1. 5/3, England Finder co-ordinate N38/0. E: Isolated
chamber, slide3. 4/4, England Finder c0-ordinate v44/4. F: Trochospiral type I,
slide 1. 4/6, England Finder co-ordinate P34/3. G: Planispiral typeI, slide 1. 25/3,
England Finder co-ordinate R46/1. H: Planispiral type IV, slide 1. 4/10, England
Finder co-ordinate P40/3. I: Trochospiral type I, slide 1. 25/2, England Finderco-
ordinate S33/1.
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but otherwise has the same morphology. No colour change was found bet-
ween the proloculus and succeeding chambers of the linings found and under
U.V. illumination the linings did not autofluoresce.
Biserial. Plate 3, figure 3.
Dimensions. See Table 2.
Remarks. The sole biserial lining found has a proloculus which is darker
than the remaining chambers. The later chamber arrangement is complex
and seems to consist of wide chambers alternating at right angles to the
growth direction of the lining. These chambers are thin walled and have
been subjected to some crushing making interpretation difficult.
Planispiral type I. Plate 2, figure 2; Figure 4G.
Dimensions. See Table 2.
Remarks. The specimen illustrated (Text-figure 4G) has a proloculus which
is darker than the succeeding chambers and overall the lining is smooth walled
without ornament. The final chamber is connected to its predecessor by a






































9-40 ′an 9-35 /an -54 !血33- 164 //m
9-28/an 8-37(m 12-33Afln length only
13仲33/an 61/血n 47仲n ・
u rn H Am 16 /an
9-16/fln 9-12lm 19-23! 33-49lAn
12-16/an 9-12/an 16-26jtan 23-33pm
7- 23 /an 7-23 //m 19-82帥42-164 JAn
7- 14 /fln 7- 14 /an 19- 70 fJta 35-152 lAn
9- 21 /zm 7-23 /an 44 -65 14n 44-131 JAn
9- 28 /to 7-21 /an 19-42 /an 44-93 tan
10-18/an 9-16JAn 21-65/an 63-100am
10-14/to 7-Ufjm 19-37^n 54-77f/m
6-20 12-21!丘n 12-40/an 23-84!血n 44-119!血











Marine palynomorphs of Northwestern Kyushu 669
large neck but does not have a neck on the opposite wall, perhaps indicating
the end of organic lining production.
Planispiral type II. Plate 2, figure 7; Figure4A.
Dimensions. See Table 2.
Remarks. This morphotype is one of the more common forms found, with
well preserved specimens occurring in samples 1. 25, 1.4, 1. 55 and 1. 7. Usually
each lining has a proloculus the same colour as the succeeding chamber but
the final chambers are often lighter in colour with some being almost trans-
parent. Under U.V. illumination, these large chambers often gave off a weak
blue-grey fluorescence associated with granular development on the chamber
walls. However, this granulation was not restricted to those chambers that
fluoresced and was recorded over most of the linings. The specimen illustrat-
ed m Text-figure 4A has, on most of the chambers, raised pustule-type orna-
ment. These are dominantly associated with the outside rim of the whorl
and appear to be arranged in a loose pattern.
Planispiral type H. Plate 2, figure 5.
Dimensions. See Table 2.
Remarks. Overall the most common lining found in the samples studied even
though it was not recorded in the five lower samples. The morphology of
separated chambers was well developed by many specimens especially in the
first whorl. Generally the proloculus is the same colour as the succeeding
chambers and only a small number of linings have lighter colored final cham-
bers. All of the walls are smooth, without sculpture and under U.V. illumin-
ation, fluorescence was either not observed or occassionally present with a
faint blue-grey colour.
Planispiral type IV. Plate 3, figure 8; Figure 4H.
Dimensions. See Table 2.
Remarks. Only two specimens were found of which one contains abundant
pyrite obscuring some of the detail concerning individual chamber develop-
merit. The other lining has thin walls which are easily damaged. Both spec-
imens fluoresced faintly under U.V. illumination with a blue-grey colour.
Trochospiral type I. Plate 2 figure 4; Plate 3 figures 4-7; Text-figure 4B, F, I.
Dimensions. See Table 2.
Remarks. This morphotype has the most variable morphology of all the lin-
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ings found. The chambers are not always symmetrical with variability espe-
cially in the final chambers. Generally there is little or no difference in the
colour of the proloculus and the succeeding chambers. The final chambers
often are lighter in colour and thinner walled. These chambers also have,
on occasion, wall sculpture in the form of granules or raised pustule-type
areas (see Figure41). These are not arranged in an obvious pattern. Over-
all chamber shape varies with the size of each chamber. The small initial
chambers are generally ovoid while later chambers are lozenge shaped or
have the development of prominences overlapping the succeeding chamber
(Figure4B). The final chambers are often broken or missing but,where
found, they are amphora-form in outline and arranged in a more spread out
spiral than the previous chambers.
Trochospiral type E. Plate 2, figure 6.
Dimensions. See Table 2.
Remarks. A specimen was recorded from the uppermost sample which has
lost the proloculus and part of the second chamber. The lininghas its cham-
bers connected by wide short necks located on the inside of the whorl. In
overall morphology, with the exception of chamber overlap, the specimen is
very similar to Planispiral type HI forms. The development of necks asso-
ciated with Trochospiral type II linings has not been recorded previously.
Trochospiral type HI. Plate 3, figure 1; Figure 5.
proloculus
Fig. 5. Diagrammatic illustration of the type specimen Trochospiral type IH lining with
an interpretive sketch showing the coiling pattern. Slide 1. 4/8, England Finder
c0-ordinate N36/0. Magnification x 1500.
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Description. A trochospiral microforaminiferal lining which has been later-
ally compressed at right angles to the plane of coiling.
Dimensions. Proloculus width 9 〝m, height ll 〝m, largest chamber width 21
〟m, height 23 〝m, total width 36〝m, height 33 〟m, total number of chambers 6;
number of specimens measured 1.
Remarks. This new morphotype is erected to include those trochospiralforms
which have been lateral compressed and thus unassignable to the two previ-
ously described types. In concept it is similar to that of the Planispiral type
I morphotype∴
Coiled Uniserial. Plate 2, figure 8.
Dimensions. Proloculus length 23〝m, breadth 12 〝m, second chamber length
23 fim, breadth 14 jjxn, final chamber length 49 y.m, breadth 42 jj.m, total length
123 〝m, breadth 91 /zm, total number of chambers 14; number of specimens
measured 1.
Remarks. The single specimen found did not fluoresce under illumination
with U.V. light. Its walls are smooth and the chambers have an overall light
brown colour. The chambers of the initial whorl have a pointed section which
overlaps the preceding chamber giving the outer edge of the whorl a jagged
appearance.
Unclassified forms.
Remarks. There are a number of broken linings on the slides which could
not be assigned to one of the morphotypes. They often appear to be part
of coiled forms which do not have an attached proloculus and coil for less
than one complete rotation.
Three linings were found with an unusual morphology consisting of a
large proloculus surrounded by three quarters of a whorl of chambers (see
PI. 2, Figs. 1, 10). This gives the proloculus an appearance of being displaced
away from the center of the whorl. The final chamber is the largest and
does not have evidence of further chamber development. This new morpho-
logy is not described as a separate morphotype because a succinct way of
differentiating the morphology from a large broken Planispiral type II form
could not be found. Further study of new examples could make this differ-
entiation possible.
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Discussion
The abundance and diversity of dinoflagellate cysts found in the modern
sediments around west Kyushu (KObayashi et al. 1986; Matsuoka 1985) are
similar to those of the samples studied (Figure 6). This shows that, after the
middle Holocene, the oceanic condition in this area was similar to the present
day. Matsuoka (1990) described the stratigraphic distribution of cysts in the
core samples from Tsushima Island and showed a lower set of Holocene as-







































































































































































































Fig. 6. Abundance and distribution of dinoflagellate cyst groups and microforaminiferal
lining morphotypes. The charts plot the abundance (top of the diagram) against
the sample depth m meters.
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very diverse dinoflagellate cysts assemblages. This group is, in turn, succe-
eded by assemblages which are less diverse than their predecessors but more
diverse than the oldest assemblages. The general pattern is repeated in the
overall abundance figures. The zone of maximum abundance is thought to
conform with the Mid-Holocene Climatic Optimum. In the present study, the
dmoflagellate cysts diversity and total abundance values follow this same
pattern indicating that the sediment was partially deposited during the Mid-
Holocene Climatic Optimum.
The distribution of linings outlined in Figure 6 shows that they are most
common in the top sample with few being recorded in the oldest five samples.
The greatest diversity was also found in the top sample. The rate of change
of the number of different morphotypes mirrored the number of different
species of dinoflagellate cysts except in sample 1. 4. The most lining mor-
photypes of any sample were found at this depth but the totalnumber of din-
oflagellate cysts was low. The atypical nature of this value is probably a
function of the lower overall number of linings in the samples compared with
the dinoflagellate cysts. The study also found all the morphotypes illustrat-
ed by Van Veen (1957) from the South China Sea.
In a previous paper Matsuoka (1989b) illustrated a Trochospiral type I
microforaminiferal lining under ultra violet illumination. The lining fluoresc-
ed well, being brightest along the folds of the contact between chambers and
proceeding whorls. All the specimens recorded in the present study were
examined under ultra violet illmination and all were found to have either a
weak blue-grey fluorescence or commonly none at all. Those that glowed
faintly had their strongest luminescence in the last few chambers, especially
where there is an unfolded wall with surface texture such as granules. The
lack of fluorescence could be due to a number of factors including a variation
in the chitin wall chemistry, linings of different test species have different
fluorescence potential, an artifact of the preservation process or a result of
the preparation technique. However, the illustrated specimen and those of
the present study were both processed using identical methods making the
last possibility unlikely.
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PLATEl
1. Spiniferites mirabilis (Rossignol) Sarjeant. Optical cross section in dorso-ventral
view. Phase contrast illumination, slide3. 5/9; England Finder co-ordinate T41/2.
2. Brigantedinium sp. [-A cyst of Protoperidinium punctulatum (Paulsen) Balech].
Dorsal surface. Slide 1. 4/8; England Finder c0-ordinate U41/2.
3. Cicatricoeisporites sp. Slide3. 7/7. England Finder co-ordinate T41/2. This sped-
men is a probably reworked spore.
4. Votadinium carvum Reid. Optical cross section in the dorso-ventral view. Slide 1.
25!4 ; England Finder c0-ordinate M29/2.
5. Votadinium carvum Reid. Dorsal surface. Slide 1. 25/4; England Finder co-ordinate
M29/2.
6. Lejeunecysta concreta (Harland) Matsuoka. Dorsal surface. Phase contrast illu-
mination, slide 3. 5/7; England Finder co-ordinate M29/2.
7. Lejeunecysta concreta (Harland) Matsuoka. Optical cross section.
Phase contrast illumination, slide 3. 5/7; England Finder co-ordinate M29/2.
8.良Ienopeniphix nephroides Benedek. Optical cross section in polar view.Slide 1. 7/7;
England Finder co-ordinate U27/1.
9. Cyst of Protoperidinium sp. indet. Oblique dorsal view showing two well developed
antapical horns. Slide 1. 7/6; England Finder co-ordinate M32/2.
10.? Domasiella sp. Slide3. 5/7; England finder c0-ordinate 046/2.
Magnification x650.
All the photographs were taken using normal illumination with a





1. Undifferentiated coiled lining. Phase contrast illumination, slidel. 5/2;England
Finder c0-ordinate L36/1.
2. Planispiral type I. Phase contrast illumination, slidel. 25/3; England Finder co-
ordinate R46/1.
3. Isolated chamber. Slide3. 4!4; England Finder c0-ordinate V44/4. Notethegranu-
lar surface and fold on one side of the chamber.
4. Trochospiral type I. Phase contrast illumination, slide3. 5/3; England Finder co-
ordinate R28/0.
5. Planispiral type HI. Phase contrast illumination, slidel. 25/2; England Finder co-
ordinate V39/4.
6. Trochospiral type II. Slide 1. 25/6; England Finder c0-ordinate N36/0.
7. Planispiral type II. Phase contrast illumination, slidel. 25/2; England Finder co-
ordinate R32/3.
Coiled Uniserial. Slide 1. 5/8; England Finder co-ordinate R32/0.
Magnification x500.
9. Two chambers of a coiled lining. Phase contrast illumination, slide 3.5/7; England
Finder c0-ordinate T37/4. Note the well developed necks without obturaculae.
10. Undifferentiated coiled lining. Phase contrast illumination, slide 1. 4/4; England
Finder c0-ordinate V32/1.
All the photographs were taken using normal illumination with a
magnification being xlOOO unless indicated.

PLATE3
1. Trochospiral type HI. Optical section of the type specimen. Slide 1. 4/8; England
Finder c0-ordinate N36/2.
2. Uniserial type I. Slidel.7/8; England Finder c0-ordinate N37/4.
Magnification x500.
3. Undifferentiated Biserial lining. Slide 1. 5/6; England Finder c0-ordinate T37/3.
4. Trochospiral type I.
Magnification x250.





7. Trochospiral type I.
Magnification x500.
8. Planispiral type IV.
ordinate P40/3.
Slide 1. 7/4; England Finder c0-ordinate P31/0.
Slide 1. 25/2; England Finder c0-ordinate V32/0.
Note the wart-like structures developed on the last two cham-
Slide 1. 25/2; England Finder c0-ordinate S33/1.
Slide 1. 7/9; England Finder c0-ordinate G40/3.
Phase contrast illumination, slide 1. 4/10; England Finder co-
All the photographs were taken using normal illumination with a
magnification being xlOOO unless indicated.
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